I. INTRODUCTION
Modern engines features are continuously setting new standards of performance and reliability while satisfying the environmental friendly demands, i.e. tough limits for aircraft noise and emissions level.
Advanced aerodynamics together with composite fans are assets of the propulsion technology that produce a quieter engine. The sound level of the jet engines can be reduced by the new design of the larger fan blades; as larger fans turn slower than the smaller ones, then the velocity of air is reduced and therefore the noise is lowered. But larger fans involve larger diameters and the velocity at blade tip can be transonic up to supersonic unless the rotational speed diminishes. The engine thrust can be increased with larger compressor pressure ratios and more stages. By the design of highly loaded cascades, the number of the compressor stages is reduced, as well as the parts weight. The fewer the compressor stages, the fewer parts and fewer costs.
As it comes up from the real running conditions, the aerodynamics of flow within the fan and the core engine is unsteady, the viscosity and the 3D (rather than the 2D) specificity must be taken into account. A thorough investigation of the flow is achieved by experiment, theory and CFD.
The computational analysis of flow proves to be a reliable tool for the design, as it allows exposing unsteady flow data in complex geometry of rotating configurations, which sometimes prove to be difficult to access instrumentally.
Obtaining accurate computations represents a heavy task for solving complex flow problems and it is hampered by the computational resources (namely the CPU power and storage capacity).
On the other hand, aiming for the computational accuracy and results reliability, when using an appropriate CFD code such as the FLUENT, it is important to set properly the code's parameters.
It comes out that for an adequate management of the code settings required for a 3D computation, one should check up the settings within 2D computations by using several turbulence models attached to the flow model. Following the specificity of the real flow (i.e. viscous, compressible) the Navier-Stokes equations system represents the best option for the flow model.
Focusing the convergence of the solution and the accuracy of the 2D computations, one can select the turbulence model TM and then set appropriately the code's parameters for the 3D computation of flow.
An overview of the turbulence models that are being used in 3D turbomachinery CFD can be found in the study of Gerolymos, Neubauer, Sharma and Vallet, [16] , as pointed out in Table 1 . 
The significance of the abbreviations in Table 1 is as follows: WF = wall functions, IRS = implicit residual smoothing, PB = pressure based, RK = Runge -Kutta, ML = mixing length, ARSM = algebraic Reynolds stress model, RSM = Reynolds stress model, SST = Shear Stress Transport.
According to Gerolymos, Neubauer, Sharma and Vallet, [16] , the Reynolds Stress model RSM gives better results than the models based on mixing length and is not influenced by the topology of the grid. The RSM is less grid sensitive than the k-ε model. On the other hand, the k-ε model applied on a fine grid, gives accurate results as long as the boundary layer does not separate.
The convergence rate of the RSM decays with about 30 % with respect to the k-ε model when it captures a separation, [16] . For the reason of economy (i.e. fewer iterations required up to getting the convergence) the k-ε model is preferred by many authors, e.g. Celestina, [15] , [17] , Hathaway, [13] .
The Spalart-Allmaras model can be also selected, as it consists of one equation and gives good results for flows with larger Reynolds numbers, according to Clark & Hall, [21] , and Imregun, [19] .
Within this paper several 2D flow computations have been carried out with the CFD code FLUENT, with the turbulence being described by 4 models, i.e.: (TM1) the one equation Spalart-Allmaras model, (TM2) the two equations k-ε model, (TM3) the three equations k-ω model and (TM4) the five equations Reynolds Stress model RSM.
All the computations have been performed for a representative blade spanwise section, i.e. the mid-span, located at half distance between the hub and tip blade.
II. DESCRIPTION OF THE STUDY CASE

II.1 Briefing on geometry and aerodynamics
The study case is represented by a transonic highly loaded rotor cascade of the first stage of a 7 staged axial compressor, [1] .
The flow is said [7] to be transonic in the rotating blades if the relative Mach number at the inlet is larger than 1, i.e. . At the design point, the following data are specified in [1] , [10] : pressure ratio 9 
The flow path is convergent, designed with a constant radius at rotor blade tip R V =635 [mm] .
Fully design details about the study case are given in refs. [1] , [9, 10] and [27] ; the aerodynamics of the compressor was computed with the Fully Radial Equilibrium Theory, by Creveling & Carmody, [10] .
Back up engineering, i.e. the radial design of the blade was carried on by the author, using NACA 65 series airfoils. A summary of cascade design parameters is presented in Table 2 , for the mid-span blade section <M> that has been considered for the 2D flow analysis. The first stage at mid-span features a 0.907 reaction degree, a 0.6063 flow coefficient (1) and a 0.3585 blade loading coefficient (2) . 
III. COMPUTATIONAL DETAILS
III.1 Computational domain and grid
The H-type grid that was built over the computational domain with the GAMBIT code, has 13028 nodes (with 2 x 81 nodes on each: suction side SS and pressure side PS, and 81 nodes along the blade-to-blade direction), as shown in Fig. 1 . The nodes are not equally spaced, but concentrated around the leading edge LE, the trailing edge TE and in the vicinity of the suction side SS and pressure side PS.
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III.2 Flow and turbulence models
The Navier-Stokes equations system was used to model the flow. As regards the turbulence models the following have been considered: (TM1) the one equation Spalart-Allmaras model, (TM2) the two equations standard k-ε model, (TM3) the three equations standard k-ω model and (TM4) the five equations Reynolds Stress model RSM.
III.3 A briefing of the FLUENT setting options
Coupled solver/ implicit formulation/ 2D space/ steady time/ absolute velocity formulation/ cell based gradient option/ superficial velocity porous formulation. The implicit coupled solver can be run at larger CFL numbers, without going into divergence.
Boundary conditions were set in accordance with the input data. For the inlet boundary the pressure -inlet type conditions were set; the values of the pressure and static temperature allow to check the specified axial velocity of 196 [m/s]. Similar options have been set on the exit boundary, i.e. pressure-outlet type, in compliance with the data available from design and general aerodynamics, see also Table 2 .
The computations have been carried on for each turbulence model, considering the rotation speed u [m/s] ranging from 0 up to 275 (i.e. the real case). Table 3 describes the iterations to go until convergence is reached, for each of the 4 turbulence models considered. The option for solution controls were: Courant number = 2 and first order upwind schemes. 
IV. RESULTS
The most significant computed parameters have been presented comparatively with regard to the 4 considered turbulence models. The contours of relative Mach number have been shown in Fig. 2 (filled contours) and Fig. 6 (iso-Mach lines), since the relative velocity is a significant parameter for the rotating cascades. The contours of static pressure have been presented in Fig. 3 and the contours of static temperature, in Fig. 4 .
Fig. 2 -Contours of relative Mach number
The pressure coefficient on both suction side and pressure side (i.e. on the airfoil surface) has been depicted in Fig.5 ; it comes out that from this point of view, the 4 turbulence models allow to get (almost) the same results when speaking about the pressure coefficient on the airfoil surface. The contribution of the terms issued due to the pressure and viscosity was considered for the computation of Lift and Drag forces, as well as of the aerodynamic moment. The influence of the pressure force and viscous force on the forces developed on the airfoil (i.e. Lift & Drag) has been reported in Table 4 for Lift and in Table5 for Drag.
For each case, the balance of flows has been monitored whilst crossing the computational domain, which is presented in Fig. 1 . 
V. CONCLUSIONS
For the rotating cascade at the running regime (i.e. the rotation speed u=275 [m/s]), the convergence was achieved after a different number of iterations, as pointed out in Table 6 . The appropriate turbulence model can be selected (when experimental data is not available) such that the best computational accuracy should be obtained. By monitoring the residuals history, one can get the information on the number of iterations till the convergence is attained. Minimizing the residuals with the least number of iterations (which mean less CPU time) indicates the adequate selection of the turbulence model.
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In this case, the (TM2) k-ε is the most convenient, as it requires the least number of iterations. Not very far as regards the rate of convergence are the (TM1) Spalart-Allmaras and (TM3) RSM models, as shown in Table 6 . The purpose of carrying a 2D computation is to allow for a proper selection of the CFD code (e.g. FLUENT) parameters for running the 3D case of a specified problem.
The outlook is to do 3D computations, for both un-swept and swept blades, since by the use of sweep to jet engines design proves to be an optimization method. The effects of the blade sweep are the lowering from the supersonic to the transonic and/ or subsonic level of the flow velocity at the tip blade, and therefore the diminishing in noise level, as well as the blade loss that can be cut or significantly reduced.
The experience achieved within the present 2D CFD study, in conjunction with the survey of axial flow compressors and fans with swept blades purposed for jet engines, [1, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [26] [27] [28] [29] , as well as the building of a customized swept blade constructions data base, will facilitate the investigation of the optimized construction with the aid of 3D CFD study. The use of sweep together with advanced aerodynamics blade design allows creating highly efficient construction of modern jet engine parts.
